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2.2m from the sample and arranged on a cylindrical locus covering a 2θ scattering angle of 10-170°. To reduce the background from the sample environment, WISH was equipped with an oscillating radial collimator that defines a cylinder of radius of approximately 22 mm diameter at 90 ° scattering. [2] The sample of desolvated MFM-300(Al) was loaded into a cylindrical vanadium sample container with an indium vacuum seal connected to a gas handling system. The sample was degassed at 1x10 -7 mbar and at 100 °C for 4 days with regular helium flushing to remove any remaining trace guest water molecules. The sample was dosed with ND3 using the volumetric method after being heated to room temperature to ensure that the gas is well dispersed throughout the crystalline structure of MFM-300(Al). Data collection for desolvated MFM-300(Al) and three subsequent loadings of ND3 (0.5, 1.0 and 1.5 ND3 molecules per OH functionality)
were performed controlled using a helium cryostat (10 ± 0.2 K).
In Situ High Resolution Synchrotron X-ray Powder Diffraction (PXRD)
In situ high resolution powder X-ray diffraction experiments were conducted on beamline I11 Diamond Light Source (DLS), Rutherford Appleton Laboratories (UK). The I11 experimental set up involved a high brightness monochromatic beam being produced by a double-bounce Si(111) monochromator and harmonic rejection mirrors. The beam was delivered to the main instrument hutch where five multi-analysing crystal-detectors (MAC) travel in an arc around the sample. [3] Measurements were carried out in capillary mode and sample environment was controlled using an Oxford Cryosystems open-flow N2 gas cryostat.
The sample was prepared by air drying a solvated MFM-300(Al) sample previously stored in acetone.
The sample was then ground to provide a uniform particle size, packed into a borosilicate capillary (ø 0.7mm) and mounted into a diamond gas cell. MFM-300(Al) was desolvated under dynamic vacuum (1 x 10 -6 mbar) for 16 hrs at 393 K. All collections and gas loadings were undertaken at 273 K. Gas loading of the MFM-300(Al)
sample was achieved using a gas panel, the procedure for which was to reach the target pressure in the gas panel then expose the MOF sample to the gas. To ensure a state of equilibrium was reached, scans were performed to assess when changes in the diffraction pattern were no longer observable.
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Synchrotron Infrared Micro-spectroscopy
Infrared micro-spectroscopy experiments were carried out using the B22: Multimode Infra-Red Imaging and Microspectroscopy (MIRIAM) beam line at the Diamond Light Source, Rutherford Appleton Laboratories (UK). The instrument is comprised of a Bruker Hyperion 3000 microscope in transmission mode, with a 15x objective and liquid N2 cooled MCT detector, coupled to a Bruker Vertex 80 V Fourier Transform IR interferometer using radiation generated from a bending magnet source. Spectra were collected (512 scans) in the range 500-4000 cm -1 at 4 cm -1 resolution and an infrared spot size at the sample of approximately 20 × 20 µm. A microcrystalline powder of MFM-300(Al) was placed onto a S9 ZnSe disk and placed within a Linkam FTIR 600 gas-tight sample cell equipped with ZnSe windows, a heating stage and gas inlet and outlets. The N2,
NH3 and ND3 were pre-dried using individual zeolite filters. The analysis gases were dosed volumetrically to the sample cell using mass flow controllers, the total flow rate being maintained at 100 cm 3 min -1 for all experiments. The gases were directly vented to an exhaust system and the total pressure in the cell was therefore 1 bar for all experiments. The sample was desolvated under a flow of dry N2 at 100 cm 3 min -1 and 393 K for 3 h. The sample was then cooled to 293 K under a continuous flow of N2. Dry NH3 was then dosed as a function of partial pressure, maintaining a total flow of 100 cm 3 min -1 . The sample was then regenerated with a flow of dry N2. To investigate the H→D exchange reaction, a flow of ND3 was introduced within the cell at a flow rate of 100 cm 3 min -1 at 293K for 1hr. N2 flushing was then repeated at 100 cm 3 min -1 , a scan taken and D→H exchange was implemented with a flow of NH3 at 100 cm 3 min -1 . The spectrum was then observed after a final N2 flushing at 100 cm 3 min -1 .
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2. Additional Analysis of Gas Adsorption in MFM-300(Al)
Isoteric heat of adsorption for NH3 in MFM-300(Al)
To calculate the differential enthalpies (ΔHn) and entropies (ΔSn) for NH3 uptake as a function of loading (n), all isotherms (273K -303K) were fitted to the van't Hoff isochore (Equation 1).
A graph of ln(p) versus 1/T at constant loading allows the differential enthalpy and entropy of adsorption and also the isosteric enthalpy of adsorption (Qst,n) to be determined. Four example fittings are displayed in Figure   S1 . The calculated R 2 value for each fitting is > 0.99 indicating a reliable fit. Figure S1ii: Isoteric heat of adsorption and entropy of adsorption calculated using the van't Hoff isochore for NH3 adsorption in MFM-300(Al).
Dual-site Langmuir-Freundlich fittings and IAST selectivity of NH3 vs CO2, CH4 and N2.
Adsorption isotherms of NH3, CO2, N2 and CH4 in MFM-300(Al) at 293K were fitted with the dual-site Langmuir-Freundlich model (Equation 2), where n is the loading in mmol g -1 , P is the pressure in bar, qsat1 is the saturation capacity in mmol g -1 , b1 is the Langmuir parameter in bar −1 , and v1 is the Freundlich parameter for two sites 1 and 2. All R 2 values for the fits are >0.999 confirming they fit the model well.
Ideal adsorbed solution theory (IAST) [4] was used to determine the selectivity factor, S, for binary mixtures using pure component isotherm data. The selectivity factor, S, is where xi is the amount of each component adsorbed as determined from IAST and yi is the mole fraction of each component in the gas phase at equilibrium 
Comparative density of NH3 in porous materials
Crystallographic Analysis of Adsorbed Ammonia in MFM-300(Al)
Ammonia cycling stability determined by in situ high-res PXRD
Five separate cycles of dosing and removal of NH3 in MFM-300(Al) were studied at beamline I11, DLS. This was to determine the crystallographic stability of the material to repeated exposure to NH3 and whether it had any detrimental structural impact. Figure 1 shows the normalised diffraction patterns for this experiment and we observe no significant structural changes in MFM-300(Al) over 5 repeated cycles of NH3.
To further ratify this, a full width at half maximim (FWHM) analysis on the (110), (211) and (112) peaks was undertaken. These peaks were selected for their relative intensity within the diffraction pattern and the different direction each plane is oriented. No significant peak broadening is observed over 5 cycles indicating that NH3 is not causing structural changes ( Figure S4 ). 2 / º S13 therefore propose that the first site is filling almost exclusively, indicated by the cell contraction. After this point, the pores fill to saturation causing an expansion in cell volume. 
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Figure S11: View of the active binding site determined via NPD data of the MFM-300(Al)·1.5ND3 *-Information not available
